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F i g u r e  2 a )  I’,,11-llri(lgc  vcr.io,, aII(l  l)) lIHlf  I,lidr,c  vc)hi(jll  (,I III(.  I’ilhl.rcs(,)i[!lll  co,!v{r(er.

(3)

l)C Altdysis

1’
M, :  i,”:

!7

III (J](I(,]  1( I II]ailltail]  Al
tll(, l’illlg,(>

-1

1)(1  -1 1 1 , / 1 12)  1 ) ,/11 2

(4)
sill(n 1)/2)

> 0 ,  tllc  ( I l l t y - c y c l e  i s  l e s t ]  i(l(xl t(I

1 </)<1 (5)
112/$1,

‘1’11,  l,,i,)la]y  l,]i,(li(a I  ;I(lval  Itdp,(  (If this  ((, IIv(II(I  i s
Ill{It  (11( is<jl;ltio]j  ililll  S1’ollll(,l ()]~(>r:lt(,s  with silllls(ji(l;)l

fI;llll(,l  illilll  S(llla](,  Vollilp,(,  \i,  tlv(,  ( 1 1 1 1 1 s , CJ’i,is  i s  ])i,lti(  lIliIIly
Ilh(,llll  ill ()~r(l(()lllil)g ]) I{ JII](, II)S  tlSS()(’iilt(Yl  lvitl) tll(, Stlil~

(’cl]  )il(’ililll(’(,S  of” all  isolation  tlallsfollll(,l i]]  IIigjl  \J(Iltdp,(,
>111(1/01 low ]I(,is(a])l)llcitt  lolls. ‘1’11(1 ( ill’(,  S(,}r(}l  ill [)111 (’1

f(,])olo~,i(s”  tlIat CaII aclli(,v(, tl)r SaIIIC fllllcli(,]l,  IIotal,]y  (11(,
l(Jl\YdIIl  IIllllli  I(stIlldlIt coIIv[rt(r  [ 1 ] ,  1,111  this  cil(llit  is
[ ,~ll>itlttdl~l~  sil]lljl(~l  , t~asi(,l t (~ (1(.sip,ji  aII(l  l~(,t L(,1 shit [,11 f{)]
lll~tlilllll  sn,lttl]i)lg  fl(ljllell(y  t)f ol)cvalioll  (<  l[l(lli}l  Z),

‘I’l Ic following  IIolatiml  is IIscd  ill  tl]is IMIJCI:

.1(/) : Sl(,d(lJr-Still(:  i]]stallttlll(wls  wav(,follll,

‘1’]1(1  (ircilit  ill ]’ig. l a  will  1,(,  u s e d  for dc dlldlysis. It Will  I,c
,!ss,,1[,(,1 Lllilt tllc  (011)  1,( ,1,(  $111s  ill’,! id(al  aIJd tlIc  OIIi Imt
filt (I i]l(lll(tol /,, alI(l tll(: fc((l ilidur.k,r  f alc lalgc Cllollpll
tlliit tll(y ;I(’t ilS CIlll($llt SO1ll(’{>S 10 iIIId 11, Irslx,ctivt]y.  WC
l}(,gill  lIy asc(,lldillillg  tlIc til)lc  Idatiousllill  alllo]lp,  tll(’
~twnlallt  tdllli  volt  d.gc P]{(t),  Lll(:  ]cflCC.tC(l  l~ridg[!  { 1111 (!11(,
12(/),  alId {II(! illvcrlcd  CUIICII(  INIISC tlaill,  II(t), slIowI  ill
Fig,  1 1 , .  ‘1’lIc  all)l]litll(l(s  of tlImc  pIIlscs,  1), iIIId l.,
1(]~1  (,s(:II1 11)(: av{,l  ag(  (1111(.IIt  ill  tlI{: f e e d  ill(lllct(m  1, (11(11,  to
IKI (OIlflw{l  Jvitll  tll(  Willdilkg,  CUIICIIt ~ill  2,1 wlli~ll  i s
(list<)lllillllcjlls  iilI(l  tll(:  Illlil)olill  vc!tsiml  of /,([),  l.c.,  I /1(/)  [

fill(l  jl,,]ll(’~,,j  ““(1  ‘l’C “~r~ri,g(  c,,],(,l~

S(.($  ill S() (,x])ltl]ia[,i(~]l  fol 1,’i~ 5
ill  {lIC olltl~llt  ~ ~ ( 1 1  tllc  l(la(l  CIlllcllt,
I’csl)($ctiv(,ly.  ‘1’]~ ]KViOdiC.  VOlt;gC  WaVCf(Mlll  aCIOSS  t]lL’

tilllk (i)cllit, 1’/{(1), [OJlmlu(aks tllc  rcctifi(r  lnidg(
l(,sllllil)y, ill  tl](, CIIII(,lII  12(1)  Wlli(ll  i s  ill  tilllc  l~liasc with
~1,({)  a s  slIcwII  Fig,. 11).  211C fllll(lillll(’l  lidl Culllljoll(,llt  ill
1,(/)  giv(,ll  I,y

4 / ,
~, ,S11171  1)/?

all(l  III(, fllll(ld  111(>11 till (’olll]x,l](,llt  ill 7’2(()  gi\(li  I)y

(7)

(8)

11111s(  II( (~(lllill  illl(l ill  ]llla se, l~{!ctlllsc tll(!  illl~mlttllw of tlIr
Iil]lli al tll( ](w)lltlllt  flt!({llCll(y,  Wlli(]l  i s  (!({lliil  to tlldt of
tll( mcit  at ion (n tl!c  fllll(lillll(!llt~l, i s  il)fjllitt:.  ‘1’llis
(, Slilllli  Sll(,  S tlIc  r(:fdti\~(,  ]mi[io]]s  o f  /](()  all(l  /2(() ill tilllc
slI()\YII  ill  l~ig,.  1 l) :111<1  a]lo~vs  11s 10 dctmlllillc  tllc  avt:l  il~(,
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7,,,  ‘ i/,(41  -1 TL, /W)
)’,,  , < v,(i) > : < I V,((t)l  > : v),2/71

II(v)((, tll(! ]llilXillllllll V(lliap,(:  (Ill  tllc  switcl](,s
l(w)llilllt (’il])il(’it(Jl’ i s  givcvl I,y (illcllldillg, all
llilll Sf(~lll  l(l)

ill \~lli[ll

{

1 full I,ri{lgc
L< =

2 I,alfl,ri(lgc

(15)

all(l  111(~

isolitiioll”

(16)

(17)

I
1 “,,,,’.>

N ~

.Y,,,  (,,u  ‘ ii,,(nl),i,,,, /2) A’l (18)

5.26X 10” ‘v
“~<.,it y “ 1’81,,

(,

tnif4

I ‘1 = (~2/N1)’2J,jc,  i,
c,il

SIIIall Si~;llal  Analysis

. .
(t)]Iv(llt’1  i s  tlI(, i]llcradi(nl  of tilt, lcs(~liallt  tiillli \villl  tl)c
il\r(,l :Ig, (’ qllalltiti(,s  \vllicli  occul  ill  tl)c  illl)l]t  a]ld  OII(IJII(
hi(l(, s of tll(,  (oil V(:lt(sl” l~llt 1101 ill lIIC l’(tS(lll[lllt tiillli,  14’1’0  111 ii
[(~lllllllllli(’iltioll ])(~i]lt-(jf-\,it,\\,  aIIy ]I}wllllalioll  ill  tlt(
{,111 ]1111  \,()]lit~,(>, ;Il])llt \r(Il~iiF,C, ill]jllt culmlt  m mtt])llt
{Il]],]lt  i s  a l,il!+(l~illl[l  illf(nllliiti(]ll \vlli(ll dlJ])(dls  (II C(KI((I

ill Ill{ (ll\r(,l(J]l(,  of tll(, l’(,S(Jllilllt tit])]{ \’olt; ip,( ;/{(/) 2!S i!ll

/lNI iip,lli,l. ‘1’l!(illt(lil([i(,ll  of all ANT sip,llal  \vitll  ii

Also, ac[oldil,g  to tl)(, cquivalcnlt
?IJ’CI;IFC  V(J]tilF,CS (I1I lI(Itl I s i d e s  of
l($latc(l  I)y

11,,: , 1 . (11 (1 -111 ,/1) 2)

n,/712) (ml)

cilcuit  ill  F i g .  4  (IIC
tll(! ‘(tl’allsfollll  (l’” iil(>

!1, /112)

A  s]t IiIll  sigl)til  ]I[:]tt]]l)i]tio]l  aIId lilm]iziitio]l
itll(l  (201))  yield

(201,)

(If  1;[1. (20;1)

i),, : C(,(/)(l  -1 71,/? 11)- ?l, /n2)-l  Vg(l -1 11, /J12)7 (211,)

A I  I  t(l~livalmlt  cilcuit  l(]]l(,s(,]lttitio]l  of IIk{s, (21ii)  siIId
(211,) is  SOIVII  ill  F’ig,.  6;,.

([1)

l’,,h’o,,i

1 : ls[nl J/!

(b)

‘:.’ “;~
v,. i’, i i,, “ * *

l;i~.,,lri.  6 SIIIiIll  Siglldl
1:(/)(1 I 11,/112)- 11,/112)

(tlllivill,[l( cir[l(il 111111111 01 11,,  a )
aIIIl  l,) I:(hcz 1~/2  (Ia  II bf(IIIII[,  I.S  ill I’ if,.  ,1.
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Fif;urc  8 ‘1’IIc cft”cclivc  low-pm itllldfi[lc~  ~j,),.

6

●  **

(X )1 ) )

aII(l i s  tllc

(30)

\vlli(  II iaII  lx. wlittcll ill  a llltIIIIIm  cmlsistcvlt  Wil]l W]. (24)
il S

;111(1

ii, (s)
-  z,,)(s)-0 -

1,(s)
(31)

~,, ~,, , !~]<,(,,,(s)
‘,’-

[;],,,,,,(s)
(35)

Imsc-l)itlld  v(] sioll  o f  111( lord] Ixllavi(,l  of t  I)c
ill]l)tditllc( o f  tllc  tilllli ill tllc vic.i]lity o f  111(: cillii(>i.

Accm(lillg  to l’kls, (26), (32), (34)  and ( 3 5 )  w: have

-! z,,,,7,,,(s)  : ~2 (.)

‘1’11(  illll)(, (litll(’( (,f tll C tflllli  is givcll I,y

(36)

(371))

‘J’11( t\v<)  fil(t(llS ill  tll(’  IIlllll(!lilt,ol  CiIll  II(!  dl)luoxilll:ti((l
l,ds[(l  [)11  tll(  assullll,tiol!  (,f a IIig,ll-  Q t?lllli  as f{,llows

1-1 ju,,,lc N 1 (3W)

Slll,stiilllioll [d [Il(w ill~l,l(~xilll[ttiolls  ill  WI. (371,) ,yirlfls
Ill, l,illa\’i(,l (,f (Ilt illl],l,(litll((  (Jf tll(:  l(s(JIIiIllt  Ldlll( III 111(. .
Vl(’llllty  of [d,):



/+, <.! r>/$!2
.1 < >1

< >

Wll(,  ] (,

(43)

(44it)

(:, , f (:! , 742  (.
, -2 ‘ 0 (441))

\Vll(.11(’(,  it ftlll(J\\,s  tllill  III(,  Z; ,)(jw) cmlsists  Of tll(  ])illiill(,l

ctjllll)ill:ltio]j  (Ji [1. illl(l  7.. 11[]1 (’(’. tllc fillill  (w(liv;tle]lt
ci)[llit  II I(KI(J1  i s  ])ikc(l tog(,tllcl ill f’~ig.  9. II IcIII(l(,jl  i]] t])is
IIlo(l(,l  i s  111(>  sciilillg fil[t(ll of all isola(iu]  tla]lsfo]lll(,l
\vl)i(ll  i s il(’(’(,llllt  ((1 fol l)Y tll(’ 1:11  dll(l  1: ~C i(l(i,l
I 1 <Illhf(ll’lll(w  Sllow]l, I f  tll(  p]illla]y o f  tlIc ]solatio  ])”
tIiIIISf(JrIII(I is  r(.]lt(:l -tal)])((l,  a s  i]) tlIc  c a s e  o f  tlI( llalf-

111 i(l:,(  ((,llfig,itr;]li(J;l,  tlI(II

(45:,)

I I  lIIC  l,lilllaq  o f  III( i s o l a t i o n ”  trdllsforlll(:r is Ilot (( IIt CI -
lil])ll(,(l,  as  il) ill(, (il S(’ o f  (I)c  fllli-l)]i(lp,(:  co]lfig(l]ati(,l),  1]1(:11

hr2
kc: 1 ;

7 ’ ‘ N,
(451))

I I  (lO($S ll(lt  IIliltt(’1’  Wll(’tll(’l’  t,llC  S(,(’Ol)d~l~  o f  tll(! isoliitioll”
tl:lllsfollll(ll i s  (’(,llt(’ l-(il])j)((l  01 IIOL as  l o n g ,  as  tll(, tllll)S -
Iillio i s  (Irfilw(l  ilS Sllo\Vll ill Fig, 10

1 : f,(f)) 1 : h,.

i!,

h’, ;
<:!

(([)

j’, <<<.!
(b)

Figure 10 I)clir,  i(iofls  of JI rIIId kc.

l’;xpclili)c]llal  Results

A  l,:tlf  I,lidp,c  C(J]IV(I t[l  wits I,llilt  aIId tlIc c(,lltl(jl-t(,(,[ltl)~lt
tlilllSl(l  fllll(tioll Wds 111(, ilslll(!d.  1’11(, afycclll(!llt  IJCLW(I!II

111( (Vi])(l  i]llClltiil  all(l  ],]c(lic(cd  I(:sults  i s  vay gowl  ;III<I  i s
SlI(J}\III  i]] ]~’ig.  1 1 .  III (JI(l(~I  to l(,st  tl)c 111()[1(,1  tllorollgllly,  all

illl)lll  f’ilt(v  (), ;111(1  C,’,  ) was  il(l(l  (’(1  ill  [)1 (ICI 10 l(:v(~dl  llIC
ct))ltlil]llti[]ll  of lII(J il]l>llt  filt(,l t{) tll( tlallsfcr  fll~lctio]l
(Illollgj] Illr (’011 (1’01” SOIIIC(J A’,,l,,J olI tllc  i]ll)llt si(lc of tllc
cil(llit 111()(1(1.  If  ii s t i f f  \,(Jltagc SO1ll((>  \t,il  S II SC’(1  i]lstcit(l,
t II(]I t I]( co]lt]ol  WIII c(: /;ii/,,j would lldvc IICCII SIIOI tv(l 0111
alI(l  (11(, II I(KI(I  \v(}lll(l lItivc I)c(,ll  vclific(l olIly ])a] tiillly, ‘J’]](:
( i i ] )  tllilt  il])])CillS  ill  tll(: tl’all Sf(l fu)ldioll i s  dll(:  10 tll(,
i]l])llt  filter.

‘1’11(,  \rillll(,S  of tll(: ciucllit  l)rrlalIIc{(:ls  IIs[Yl,  ill

lcftl  (Il]c(, tt) Pip,,  9  all(l  S t  i l l  ti])g flolll  tllc  i]lpul,  arc g,ivcll
1)(1[ )\\. ‘J’lt(, ](,s(t  il][llict{]l \vas  w(Iu)I(l  l,i-filiil  (71, = !12)  so
{Ilat J)(/)) : ?1) 1  illl(l 1<,8: 2,

21,  : .4ti  2/)-  1: .88 21’0  = 60 L, = .6881[1}1 kczz

!’.l<
11/,,1(  = 9.3L7  x 10- 3 C.(7I 1)/2 = 1.(104’I 11

, 7.{)

1:?(

.f2(l)) z cscnl)/2
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I’igllrc  1 I I;xlwrilllclititl  aIId  I,rc(lic(cd rcsul(s  o f  [IIC col[lro-to  olltl,l(t [2?] 1(,1{. Cla]li a,,(l  1),’1’. ll[ss, “Cc)llllllllllillcati[,ll  Ciu(,slits:
ltatisfcr  fll[lctiol), Aljslj,>is  ;ill(l l)[,sigtl,” Clial)tCI  3.  A(ldis(,]l  Wd~y.

‘1’11( IIlillilnllll] clitical  illdllct,a]lcc is dctctl!)illcd a t
IIliljill)llljl  ill])ut lillc

. .
all(l  111111111111111  loa(l  c(lll(liliolls  al

\~llitll  IJ(]illl  ii (all  IJC ass(lll~c(l  tllitt /) P I a]ld if, r- I. Also
ill tljis  l~[)iljt  tll(,  Voltag(!  w+lvcf(}r]lls  aCI(,SS t])(:  i],],l]( ~111(]

t II( (~lll])llt  illduc(ors  ]Ldvc  tflc  sa]l)(:  sIIs]~(: ;III(I  (Iiffcr  (III]y
])y s  fa(to] of h’2/A’  .

[“
‘J’llc  Vdtdgc  Wav(f(nl,)  across  /. I S

SIIIJJV]I ill  1,’ig. A . ]  a]){ ]s ,givcll  ljy

P,,(t)  : 1’9- I’gj siiiuof

‘J’11(  Sllilll((l  itl(il l’C])l(S(hllt  S 111(R VOlt-SCr’Oll(lS  wlli(ll tilli(} tll(,

li]~]jl(’ (’llll(,l)t  flulll ii ])(!~li tO ]K!iifi.  ‘1’11[:  ~]lglc  L1073 is g,iv(ql
I)y

‘I’ll{ Sllii(l(}(l tll(,ii is give]]  I,y

i\t t]I(.  (]ili(a]  l)();lit  Al,, : ‘211,,,,  i,, and Eqs. (al) all(l (it.2)
yi(ld  illc IIlillilllulii  uitical  illductallcc  iu Eqs.  (Ik) a])cl
(191,).

li~urc  a.1


